Parainfluenza virus infection is a common respiratory illness in children. Although lncRNAs are novel regulators of virus-induced innate immunity, a systemic attempt to characterize the differential expression of lncRNAs upon parainfluenza virus infection is lacking. In this report, we identify 207 lncRNAs and 166 mRNAs differentially expressed in SeV-infected HEK293T cells by microarray. The functional annotation analysis reveals that differentially regulated transcripts are predominantly involved in the host antiviral response pathway. The lncRNAs with the potential to regulate SeV-induced antiviral response are identified by building the lncRNA-mRNA coexpression network. Furthermore, silencing lncRNA ENST00000565297 results in reduced type I IFN signaling upon SeV infection. These catalogs may facilitate future analysis of the functions of lncRNAs in innate immunity and related diseases.
Parainfluenza virus infection is a common respiratory illness in children. Although lncRNAs are novel regulators of virus-induced innate immunity, a systemic attempt to characterize the differential expression of lncRNAs upon parainfluenza virus infection is lacking. In this report, we identify 207 lncRNAs and 166 mRNAs differentially expressed in SeV-infected HEK293T cells by microarray. The functional annotation analysis reveals that differentially regulated transcripts are predominantly involved in the host antiviral response pathway. The lncRNAs with the potential to regulate SeV-induced antiviral response are identified by building the lncRNA-mRNA coexpression network. Furthermore, silencing lncRNA ENST00000565297 results in reduced type I IFN signaling upon SeV infection. These catalogs may facilitate future analysis of the functions of lncRNAs in innate immunity and related diseases.
Keywords: IFN; innate immunity; lncRNA; microarray; SeV Innate immunity constitutes the first line against invading pathogens [1] . Upon RNA viral infection, the nucleic acids are sensed by pathogen recognition receptors (PRRs) such as RLRs (RIG-I-like receptors) or TLRs (Toll-like receptors) [2] . Then, the receptors are activated and transmit the signaling cascade to the nucleus, leading to the production of type I interferons (IFNs) and proinflammatory cytokines [3] . Notably, in this process, many interferon-stimulated genes (ISGs) are upregulated in the host, which are useful bullets to battle the viruses [3, 4] . Meanwhile, some viruses may also downregulate the critical genes in antiviral immune response to mediate immune escape [5] [6] [7] . Therefore, the antiviral innate immune response is under stringent positive or negative regulation to maintain the proper intensity of immune response to eliminate invading viruses and avoid detrimental outcomes. The regulation of antiviral immune response mainly focuses on transcriptional levels (induction of type I IFN or ISGs) or post-translational levels such as phosphorylation or dephosphorylation, ubiquitination or deubiquitination, sumoylation, etc. [8] [9] [10] .
Long non-coding RNAs (lncRNAs) are transcripts longer than 200 nucleotides with no identifiable protein-coding potential. LncRNAs and mRNA coding genes may share common mechanisms of transcription Abbreviations DMEM, Dulbecco's modified Eagle's medium; GEO, Gene Expression Omnibus; GO, gene ontology; GTEx, Genotype-Tissue Expression; HVJ, hemagglutinating virus of Japan; IFN, interferon; ISGs, interferon-stimulated gene; lncRNAs, long non-coding RNAs; poly(dA:dT), poly (deoxyadenylic-deoxythymidylic) acid sodium salt; PPI, protein-protein interaction; PRR, pathogen recognition receptor; RLR, RIG-I-like receptor; SeV, Sendai virus; TLR, Toll-like receptor.
and processing [11] . However, lncRNAs are more cell type specific, less abundant, and less conserved than mRNAs [12] . lncRNAs exert their functions by RNAÁRNA, RNAÁDNA or RNAÁprotein interactions to regulate gene transcription, translation, or altering the features of the associating proteins [12, 13] . The expression of lncRNAs are regulated by time, spatial, developmental stage, or regulated by multiple genes [14, 15] . This character of lncRNAs coincides with the dynamic changes in the development of the immune systems, the rapid response to external antigens or invading pathogens, and the immune homeostasis. Therefore, in recent years, the involvement of lncRNAs in the immune system has attracted much attention. It has been found that lncRNAs are involved in regulating the differentiation and development of immune cells [16] , as well as inhibiting or promoting inflammatory reaction [13] .
It was first described in 2009 by Guttman and his colleagues that lncRNAs may participate in innate immune response [17] . Then, the positive and negative regulation of lncRNAs in innate immunity were reported. For example, lncRNA-cox2 was induced in murine CD11C + BMDCs by LPS in MyD88-and NF-jBdependent manner. lncRNA-cox2 negatively regulates the production of proinflammatory cytokines by interacting with hnRNP-A/B or hnRNP-A2/B1 [18] . Kambara et al. reported that lncRNA-CMPK2 can be induced by IFN in diverse cell types in JAK-STAT dependent manner, which is similar to ISGs [19] . Also, knockdown of lncRNA-CMPK2 can promote the replication of viruses through upregulating expression of ISGs upon virus infection. The elegant study by Wang et al. reveals a feedback way of virus-induced lncRNAmediated metabolic promotion of viral infection. In vivo, silence of lncRNA-ACOD1 significantly attenuates viral infection through IFN/IRF3-independent pathways. Cytoplasmic lncRNA-ACOD1 directly binds the metabolic enzyme glutamic-oxaloacetic transaminase (GOT2) near the substrate niche, enhancing its catalytic activity and promotes viral replication [20] . Furthermore, lncRNAs are reported to mediate immune evasion. Viral lncRNAs may inhibit the innate immune response or change the viral life cycle and assist the viral replication in the host [21, 22] . These all suggest that lncRNAs are very important in the regulation of innate immune response [13] .
Human parainfluenza virus is the second main cause of hospitalization in children under 5 years of age suffering from a respiratory illness [23] . Besides, human parainfluenza viruses are a common cause of acute respiratory illness throughout the whole life [24] . However, in general, few parainfluenza virus regulated lncRNAs have been identified and their functions are poorly understood [25] . In this study, we give a whole landscape of lncRNAs regulated by parainfluenza viruses and validate the differential expression of these lncRNAs. Then, we prefer to provide information about the parainfluenza virus regulated lncRNAs and to provide potential lncRNA regulators in the innate immune response.
Sendai virus (SeV), previously also known as murine parainfluenza virus type 1 or hemagglutinating virus of Japan (HVJ), is a negative sense, single-stranded RNA virus of the family Paramyxoviridae. SeV is a member of the genus Respirovirus, members of which primarily infect mammals [26] . It is widely used for studies about RNA virus-related signaling and parainfluenza-related disease in laboratory. Referring to published works, there are no reports about lncRNAs regulated by SeV. Therefore, in this study, we infected HEK293T cells with SeV and systematically studied the differentially expressed lncRNAs upon SeV infection by lncRNA microarray. The differential expressions of lncRNAs were further validated by quantitative real-time PCR. The signatures of these lncRNAs and potential functional annotation were analyzed by bioinformatics. By focusing on lncRNA ENST00000565297, a novel positive regulator of type I IFN signaling was identified. Therefore, from our studies, we give a whole landscape of lncRNAs regulated by SeV infection. Notably, these lncRNAs may be potential unknown regulators in innate immune response. 
Materials and methods

Cell
RNA extraction and quantitative real-time PCR
Total RNA was extracted from HEK293T cells by TRIzol reagent (Thermo-Fisher), and subsequently was reverse transcribed into cDNA by a reverse transcription kit (Promega) according to the manufacturer's instructions. Quantitative real-time PCR (qPCR) was performed with the Applied Biosystems Prism 7900SDS instrument using a qPCR SYBR Green Supermix (Bio-Rad Laboratories, Hercules, CA, USA) according to the manufacturer's instructions. Amplification was performed for 10 min at 95°C, followed by 40 cycles of 95°C for 20 s, 60°C (dependent on the Tm value of primer pairs) for 20 s, and 72°C for 20 s. The relative expression levels of lncRNAs and mRNAs were normalized to that of GAPDH within each sample using the 2 ÀDDCt method.
The primers for mRNAs (Table S1 ) and lncRNAs (Table S2 ) are listed in Supplementary Materials. For lncRNA localization analysis, nuclear and cytoplasmic RNAs were isolated by a PARIS TM Kit (ThermoFisher) following the manufacturer's instructions.
Functional annotation of differentially expressed genes
To gain insight into the functions of differentially expressed genes, associated gene ontology (GO) terms were identified using DAVID Bioinformatics Resources (version 6.7, http://david.abcc.ncifcrf.gov/), which is an online tool to assess the enrichment of input genes with GO terms and the KEGG pathway [27, 28] . All genes of the human genome were used as a background and a P value of 0.05 was considered to be significant.
Coexpression network
The coexpression networks were built according to expression level of specific gene expressions. For each pair of genes, the Pearson correlation was calculated, and the significant correlation pairs were chosen to construct the network. The gene coexpression network was built in the experimental and control groups, respectively. Within the network analysis, degree is the simplest and most important measure of centrality of a gene within a network and determines the relative importance. A degree is defined as the number of directly linked neighbors.
Protein-protein interaction network
The protein-protein interaction network is constructed by NetworkAnalyst (http://www.networkanalyst.ca/) [29, 30] . Briefly, the differentially expressed genes were uploaded and then analyzed by the STRING Interactome proteinprotein interaction (PPI) database for. Then, 900 as the confidence score cutoff value was set to construct the PPI network. By the topology and module analysis, the key nods and modules are identified.
RNA interference
Small-interfering RNAs (siRNAs) against ENST00000565297, and the negative control siRNA oligos were synthesized by GenePharma. The siRNA oligos were transfected into HEK293T cells at 40 nM by an INTERFERinÒ (Polyplus) according to the manufacturer's instructions. The sequence of siRNA oligos used in this study is listed in Table S3 .
Statistical analysis
The qPCR results are shown as mean AE SD. Statistical analysis was performed by GraphPad Prism 7. A two-sided unpaired t-test was used for the comparison between two groups. The statistical heatmap of the two groups was constructed using R package "pheatmap" and volcano plots was constructed by R package "ggplot2" to show the difference of gene fold changes between both groups.
Results
Differential expression of lncRNAs and mRNA upon Sendai Viral infection
In order to obtain a whole landscape of differentially expressed lncRNAs and mRNAs upon parainfluenza viral infection, HEK293T cells were infected with or without SeV for 12 h. Total RNA samples isolated from three independent experiments from HEK293T cells with or without SeV infection were used for Arraystar Human LncRNA Microarray V4.0, which can evaluate expression of 40173 lncRNAs and 20730 protein coding genes. Based on the microarray data, volcano plots were first used for assessing gene expression variation between HEK293T cells with or without SeV infection. (Fig. 1A) . Hierarchical clustering analysis showed a systematic variation in the expression of lncRNAs and mRNAs among samples (Fig. 1B) . The expression of many coding genes and lncRNAs were significantly changed (fold change ≥ 2 and P value ≤ 0.05) upon SeV infection. Generally, there were 140 upregulated coding genes and 26 downregulated coding genes (Table S4 ).
For lncRNAs, there were about 119 lncRNAs upregulated and 88 downregulated (Fig. 1C) (Table S5) . By microarray analysis, these results suggested that we had a relatively integrated picture of the differential expression of lncRNAs and mRNAs upon RNA viral infection. These data may help us to analyze the antiviral immune response and the interplay between the viruses and the host. 
Bioinformatics analysis of the functional implications of differentially expressed mRNAs
Though some lncRNAs have been investigated for decades, still there are looming giant of lncRNAs not well annotated [11, 31, 32] . By analyzing the functions of differentially expressed mRNAs, it may give some hints of the functions of lncRNAs upon viral infection [33, 34] . The GO and KEGG pathway analysis of significantly upregulated mRNAs gives clearly the pathways involved in antiviral immune response. The GO analysis of significantly upregulated genes upon SeV infection showed that these genes were related to "defense response to virus," "negative regulation of viral genome replication," "type 1 interferon signaling," and so on (Fig. 2A) . The KEGG analysis of the upregulated genes showed the term "cytokine-cytokine receptor interaction," "Toll-like receptor signaling pathway," "TNF signaling pathway," "Cytosolic DNA-sensing pathway," "RIG-I like receptor signaling pathway" and so on (Fig. 2B) . In contrast, the number of significantly downregulated genes upon SeV infection was too limited to perform GO and KEGG analysis.
By the analysis above, upon SeV infection, several antiviral pathways, such as toll-like receptor signaling pathway and RIG-I like receptor signaling pathway, were activated. As shown in Fig. 2C , many genes involved in RLR signaling pathway were upregulated.
To further investigate the functions of differentially expressed genes at the protein level, and to reveal the core mRNAs during the cellular response to SeV infection, a protein-protein interaction network was analyzed by NetworkAnalyst developed by Hancock and his colleagues [29, 30] . The confidence score 0.9 as a cutoff value was adopted to evaluate the protein interactions for the differentially expressed genes. The network contains 527 nodes and 700 edges (Fig. 2D) . According to the topology analysis of the network, the top 30 nodes with the highest number of connections (colored nodes in Fig. 2D ) include NFKB1, NFKBIA, SMAD7, HSPA5, ISG15, BIRC3, JUNB, CD44, BCL6, KLF4, and so on. Notably, by the module analysis, it clearly showed that the top 3 enrichment modules are all closely related to the antiviral response.
Signature of differentially expressed lncRNAs
Regarding to the differentially expressed lncRNAs upon viral infection, we first investigated the general signatures of the significantly altered lncRNAs, including their chromosome distribution, length distribution, and lncRNA classification. Many lncRNAs have been implicated in the regulation of gene expression and in shaping 3D nuclear organization consistent with their chromosome localization [35] . Some lncRNAs could carry out their functions in nearby coding genes [11, 36] . Therefore, the chromosome distribution of those differentially expressed lncRNAs and mRNA was investigated in human genome.
Chromosome distribution showed that differentially expressed lncRNAs were mapped to every chromosome. There was a trend that a small portion (about 10%) of lncRNAs was found on chromosomes 12 and 17 as compared to those on other chromosomes (Fig. 3A) . According to the direction and position of lncRNA transcription in relation to coding gene, lncRNAs are classified into six categories (bidirectional, exonic sense-overlapping, intergenic, intronic sense-overlapping, intronic antisense, natural antisense) [37] . lncRNA classification analysis showed that differentially expressed lncRNAs in our microarray data belonged to intergenic, intron sense-overlapping, intronic antisense, and natural antisense lncRNAs (Fig. 3B) . The length of lncRNAs was from 200 nt to over 4000 nt and the large number of differentially expressed lncRNAs mainly ranged from 400 to 800 nt and over 4000 nt in length (Fig. 3C) .
Regarding the cis-acting model of lncRNAs, further functional annotation of the mRNAs neighboring to the differentially expressed lncRNAs in the genome will be predictive of potential functions and target molecules of lncRNAs to some extent [11, 36] . The GO and KEGG analysis of these mRNAs suggested that these mRNAs were closely related to defense to viral infection (Fig. 3D,E) . Therefore, these lncRNAs may directly target the antiviral related mRNAs and play important roles in innate immune response.
Validation of differential expression of mRNAs and lncRNAs upon viral infection
Next, we tried to confirm the differential expression of mRNAs and lncRNAs upon SeV infection by real-time PCR. Among the microarray data, twelve coding genes were selected to validate the array results including ISG15, CXCL9, IFIT1, IFIT3, TNFAIP3, BST2, DDX58, IFNB1, CCL4, OASL, HERC5, and DDX60 for they are known ISG genes involved in antiviral response [6] . Their expressions were indeed upregulated after SeV infection (Fig. 4A) , which was consistent with the microarray data. Besides, 10 randomly selected lncRNAs were validated again by real-time PCR, including ENST00000565297, ENST00000606285, NR_125867, ENST00000586076, NR_073432, NR_037969, uc004epb.3, ENST0000060 6771, ENST00000510619, and uc004ahc.1. These (Fig. 4B) . This was in line with the microarray data. Thus, these data together suggested that the microarray results were reliable and may represent the virtual expression pattern upon SeV infection. The whole landscape of differential expression of lncRNAs and mRNAs will be very helpful for further studies in antiviral immune response.
Some lncRNAs were upregulated by IFN-a or DNA viral signaling pathway
As shown above, the differentially expressed lncRNAs from microarray were indeed regulated by RNA virusSeV infection. The virus-related signaling pathways also include DNA virus-induced signaling pathway and virusinduced secondary type I IFN-mediated signaling pathway. Then, we sought to examine whether the expression of these lncRNAs were regulated by anti-DNA viral signaling or secondary type I IFN signaling as well. In order to answer these questions, we treated HEK293T cells with IFNa for 12 h and then detected the expressions of these lncRNAs in cells with or without IFNa treatment [38] . As shown in Fig. 5A , the expressions of ENST00000565297, ENST00000510619, NR_073432 were upregulated by IFNa treatment as well. ISG15 is one of the most highly induced ISGs [3] , therefore, the expression of ISG15 mRNA here was a positive control. However, ENST00000606285, ENST00000586076, NR_037969, and uc004epb.3 showed no alterations after stimulated by IFNa. The expression levels of ENST00000606771 and uc004ahc.1 were too low to be detected in this situation. Furthermore, the DNA virus mimics poly(dA:dT) [39] could induce the expression of lncRNAs such as ENST00000565297, NR_125867, NR_037969 (Fig. 5B) . The expression of CXCL10 mRNA here was a positive control for its obvious upregulation after stimulated by viruses [38] .
Taken together, only ENST00000565297 could be induced by SeV, IFNa, and poly(dA:dT). ENST00000606285, ENST00000586076, uc004epb.3, ENST00000606771, and uc004ahc.1 could only be induced by SeV infection.
ENST00000565297 was a positive regulator of virus-induced type I IFN signaling
Transcriptome forms a huge network, among which many transcripts act at distinct or similar targets to function. To investigate the correlation between lncRNAs and mRNAs, we built the lncRNAÁmRNA coexpression network (Fig. 6A) . The coexpression network comprised 202 network nodes and 2068 connections. We used biostatistics to calculate the possibilities of interaction between these genes. The line connecting two nodes represents the correlation between them. In order to analyze the function of validated lncRNAs, we selected these lncRNAs to construct the lncRNAÁmRNA network (Table S6 ). It was obvious that uc004ahc.1, ENST00000606771, and ENST00000565297 were at the center of the network and among top three highest degrees. uc004ahc.1 and ENST00000606771 were only induced by SeV, not by IFNa and poly(dA:dT), but ENST00000565297 could be induced by SeV, IFNa, and poly(dA:dT). At the same time, ENST00000565297 was the lncRNA with highest fold change upon SeV infection among the detected lncRNAs. Therefore, we focused on lncRNA ENST00000565297 for further study. The length of ENST00000565297 is 2994nt and it is located on chromosome 8. The more detailed information about ENST00000565297 can be obtained in the NONCODE database (http://www.noncode.org/) [32, 40, 41] . Bioinformatics analysis by ORFfinder showed that it has poor coding potential (all of ORF region is less than 300 nt) (Fig. S1) . Synteny alignment between different species and evaluation of the ESTs expressed in those regions indicated that ENST00000565297 has homologues in primates and rodents, which may imply a conserved function through evolution (Fig. S2) . showed upregulated coding genes, and (B) showed upregulated lncRNAs. GAPDH is as an internal control. Data are presented as mean AE SD. *P value < 0.05, **P value < 0.01, ***P value < 0.001.
ENST00000565297 may be not a polyadenylated transcript, as increased levels of ENST00000565297 were observed in SeV infected cells compared to noninfected controls when qPCR was performed with random primers (Fig. 6B) . The cellular distribution of a lncRNA may have functional implications [34] . Then, we determined the cellular localization of ENST00000565297. It was found that ENST00000 565297 was mostly likely localized into nucleus, suggesting that it probably has a key role in the nucleus or transcriptional regulation (Fig. 6C) . The reverse transcription PCR results showed that it was barely expressed in HEK293T cells without viral infection. In contrast, it was significantly induced upon SeV ) was transfected into HEK293T cells using the Lipofectamine 3000 for 12 h. The levels of the indicated lncRNAs were quantified by qRT-PCR in RNA isolated from the control or treated HEK293T cells. CXCL10 was as a positive control. GAPDH mRNA was also measured and used as a reference. Data are presented as mean AE SD. *P value < 0.05, **P value < 0.01, ***P value < 0.001, ns P value ≥ 0.05. The RNA levels of ENST00000565297, cytoplasmic control (GAPDH mRNA), and nuclear control (U6 RNA) were assessed by qRT-PCR in cytoplasmic and nuclear fractions from SeV-infected HEK293T cells. The ratio of cytoplasmic to nuclear levels is shown (C/N ratio). The data are presented as mean AE SD. (D) RT-PCR is used to detect the expression change of ENST00000565297 in SeV infection. The product of RT-PCR is more than 1000 nt with 32 cycles. (E) HEK293T cells were transfected with a negative control siRNA or with three siRNAs targeting ENST00000565297 (1#, 2#, 3#). 24 h later, the cells were infected with SeV for 12 h. Then, RNA was isolated from the cells to evaluate the levels of ENST00000565297, IFNB1, IFNA1, ISG56, CXCL10, IL6, and GAPDH mRNA, and were used as a reference to calculate the relative levels of the RNAs. Data are presented as mean AE SD. *P value < 0.05, **P value < 0.01. infection (Fig. 6D) . The upregulation of lncRNA ENST00000565297 upon SeV infection was also confirmed in Hela cells (Fig. S3) . Besides, GTEx database analysis showed that ENST00000565297 was significantly upregulated in EBV transported lymphocyte (Fig. S4 ). In addition, by analysis of the GEO database, it was found that ENST00000565297 could be induced by HTNV in HUVECs (GSE86282) and HSV-1 in KMB17 cells (GSE103763) (Fig. S5) . These results again supported that ENST00000565297 was induced both by RNA and DNA viruses. Collectively, our results above suggested that ENST00000565297 was upregulated in response to RNA virus, IFNa and poly(dA:dT).
Furthermore, to evaluate the functions of ENST00000565297 in viral infection, we silenced ENST00000565297 in HEK293T cells by siRNA oligo transfection. As shown in Fig. 6E , the specific siRNA oligos against ENST00000565297 decreased the expression level of ENST00000565297 in SeV-infected cells. Silencing the expression of ENST00000565297 suppressed SeV-induced genetranscription such as IFNB1, IFNA1, ISG56, CXCL10 (Fig. 6E) suggesting ENST00000565297 may be a positive regulator in type I IFN signaling. Therefore, by these assays, we identified a novel positive regulator of virus-induced type I IFN signaling, lncRNA ENST00000565297.
Discussion
Some lncRNAs have been reported to play important positive or negative roles in innate immunity [42] . The initial step to obtain potential functional lncRNAs in innate immune response is to identify the differentially expressed lncRNAs. In order to give a better understanding of parainfluenza-induced immune response and the involvement of lncRNAs in it, a transcriptomic profile of lncRNAs and protein-coding genes from SeV-infected HEK293T cells was obtained from a microarray platform. There were 119 lncRNAs significantly upregulated and 88 lncRNAs significantly downregulated upon SeV infection. A previous study reported the lncRNA expression profile in the vesicular stomatitis virus (VSV) infected mouse macrophage [20] . To the best of our knowledge, this is the first report in which a complete lncRNAs and mRNAs profile was provided in SeV-infected human cells by microarray approach, and differentially regulated lncRNAs and mRNA transcripts were systematically analyzed.
For further studies, we chose 10 candidates with medium-to-high expression levels that increased more than twofold after SeV infection for validation by quantitative real-time PCR. None of their functions was known. Besides induced by SeV infection, lncRNA ENST00000565297, NR_073432, and ENST00000510 619 could be induced by IFNa treatment as well. lncRNA ENST00000565297, NR_125867, and NR_ 037969 expression could also be induced by DNA virus mimics poly(dA:dT). The present data showed that only ENST00000565297 could be induced by SeV, IFNa, and poly(dA:dT). ENST00000606285, ENST 00000586076, uc004epb.3, ENST00000606771, and uc004ahc.1 could only be induced by SeV. According to the GTEx database, it was found that ENST00000565297 was preferentially expressed in the EBV transformed lymphocytes. To gain more information about lncRNA functions, we built the lncRNAmRNA coexpression networks which showed that ENST00000565297, ENST00000606771 and uc004ahc.1 were at the center of the network.
Among the significantly changed lncRNAs, several lncRNAs have been reported in previous studies. For example, lncRNA DDX11-AS1, also known as CONCR, which regulates the activity of DDX11, is involved in DNA replication and sister chromatid cohesion [43] . It was downregulated by SeV infection in our data. Another lncRNA LINC00403, also known as SOX1-OT, which is reported to regulate SOX1 expression [44] was also downregulated by SeV infection. A previous report showed that RP11-532F6.3, upregulated by SeV, is significantly downregulated in lung squamous cell carcinoma [45] . Based on our data here, it was possible that these lncRNAs were also involved in innate immunity response and these need further studies.
Another interesting phenomenon was that the expression of known lncRNAs, such as THRIL and NEAT1, were not altered in our microarray data. lncRNA THRIL is a regulator of TNF-a [46] . lncRNA NEAT1 had anti-hantaviral effects by acting as positive feedback for RIG-I signaling [47] . In addition, we make a comparison between our work and published data about the expression profiles infected by other RNA viruses. The expression profiles of HUVECs infected by HTNV (GSE86282) were chosen to compare with our data for the same microarray platform was used. It was found that 47 out of 166 differentially expressed mRNA genes stimulated by SeV were also induced by HTNV, which included IFNB1, ISG15, IFIT1, IFIT3, BST2, ISG20 and so on. In contrast, in the same situation, there were only nine lncRNAs among SeV-induced lncRNAs and HTNVinduced lncRNAs. We reasoned that the difference in expression of these lncRNAs may be virus specific or dynamic in different conditions. This needs further confirmation.
To confirm the biological relevance of our data, we studied ENST00000565297 in detail. ENST00000 565297 was induced significantly at 8 h after infected with SeV in HEK293T cells, suggesting that ENST00000565297 may be not involved in the recognition of the invading viral genome, whereas, it may function in inhibition of viral replication. PARIS assay showed that ENST00000565297 was localized both in cytoplasm and in nucleus. However, more ENST00000565297 was distributed in the nucleus of SeV-infected HEK293T cells. By silencing of the expression of ENST00000565297, the expressions of IFNB1, IFNA1, CXCL10, ISG15, and IL6 were downregulated upon SeV infection, suggesting that ENST 00000565297 may be a positive regulator in innate immune response.
In summary, our data give an integrated landscape of differentially expressed lncRNAs upon Sendai virus infection. A pool of potential novel lncRNAs in the regulation of innate immunity was identified. A unique cellular lncRNA-mRNA interactome network dynamically regulated by SeV infection was characterized. These data may be very helpful for understanding the regulation of parainfluenza-related diseases and provide a potential therapeutic target for the intervention of related diseases. Further studies will focus on the delineation of exact regulatory roles and mechanisms of these lncRNAs and their links with multiple pathogens related infection.. 
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